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Petroleum like any mineral or rock can not remain In tbe earth unehaneed 
but undergoes certain transformations* The geochemical evolution of petroleian 
is concerned with tbe directicm of these transftnrmations* The nature of this 
evolution can be determined from theoretical thermodynamic considerations, 
laboratory eacperinents, and the relation between petroleum composition and 
its geological and geochemical environment* 

An analysis of the thermodynamics of the chief processes that alter tbe 
ccmetituents of petroleum leads to the foUoving conclusions* In the absence 
of oxidizing agents, a mixture of paraffins, naphthenes and aromatics must 
be changed in a certain direction, viz* the decay and deeyclisation of the 
naphthenes, the formation of paraffins and aromatics (with condensation of 
the latter up to the point of their naximtm solubility)# and as a general 
result, the "denaphthenisaticm'' and "deparaffinisation** of the hydrocarbon 
mixture* These changes correspcmd to a decrease in free energy*^ 

The results of laboratory experiments show that at low temperatures in 
the presence of aluminosilicate catalysts (including inactive clays) the fol- 
lowing processes take placet (l) the decarboxylisatlon of acids with the for- 
mation of hydrocarbons typical of petroleum, (2) deeyclisation of naphthenes, 
(3) formation of paraffins as a result of the deeyclisation of the naphthenes 
and condensed ring aromatic-nai^thenic hydrocarbons, (h) separation of the 
side chains from these hydrocarbons, (S) alkylisation of the aromatics, and 
(6) other processes* As a result, cme cAtser^s the formation of light ends 
and a decrease in the specific gravity*^ .. 
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Of the various relations betveen petroleum conqpositioa and the geoXogieal 
and geochemical environment, the effect of geologlo age is most interesting 
because it suggests the general direction of the natural evolution of petroleum. 
Figure 1 presents the hydrocarbon coq^ition (vqf to boiling points of ^30Pc)^ 
of 65 crude oils from the following regions: Caucasus, Turkmenia, Sakhalin, 
California, Venesuela, Indonesia, Volga-Ural, Horth-iAaerican platform, Siberia, 
Emba, and Middle Asia. The data are all taken from the literature. Crude oils 
of paleoeoic, aesosolc and cenosoie ages ax« indicated by different symbols. 

Figure 1 shows that paleosoic oils containing more than 30 percent paraf* 
fins are located among mesosoie and cenosoie crudes containing more or less 
than this amount, (ki the basis of these same data, the average aratios of 
naphthenes to paraffins are: for cenosoie, 2.0, for mesosoie, 1 . 23 , and for 
paleosoic, 0.6. Data on the hydrocarbon composition of the light ends gives 
the same picture, lliese data were obtained for crude oils from Rumania, 

Italy, California, Trinidad, Mid-Continent, Oulf Coast, and NeadLeo, and the 
average ratio between naphthenes and paraffins in the light ends (for I 6 oils 
vqp to 200^ and for 10 oils up to 100%) was determined. Figure 2 shows this 
ratio for crude oils, naphthas and light ends of paleosoic, mesosoie and 
cenosoie ages. 

Figures 1 and 2 show that the cyclic constituents in petroletmi e^nerally 
decrease in concentration with an increase in geologic age. The older the 
petroleum is, the greater the content of paraffins and the less the naphthenes. 

These alterations of petroleum with geologio age agree completely with 
what is predicted by thermodynamic considerations and what has been found by 

* Hots: The chief part of these analyses was done by the anilin method, 
but the procedure used is not essential to our present purpose. 
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experimentatioa. Consequently, a correlation of theznodynamlc and laboratory 
data and geochemical observations leads to the eonclusion that the chief 
process in petroleum evolutloi in nature is the transformation of petroleum 
from primarily a cyclical cos^osition to a paraffinic cmqpositioa (and finally 
into gaseous hydrocarbons). This process • the xaetaaorphism of petroleum <• is 
spontaneous because of the consequent decrease in free energy of the system 
and is accelerated by temperature and natural catalysts. In viev of these 
circumstances it is appropriate to term the process as the "thexmocatalytic 
metamorphism of petroleum.” 

The influence of teuqperature can be <A>served in the changes in the hydro* 
carbon couq^sltion of petroleum vith depth. Table X lists average ratios 
based oc data from the literature (for distillations vq? to 330^) for naph> 
thenes: paraffins for crude oils of the USSR* 

TABUS X 


© e p t h (m) 


Age 

less than yjO 

500*1000 

X 000 *x 500 

X500-2000 

— iwrrTmrr— • 
2000 

Cenosoic 

more than 30 

5 

2 

X 

0,5 


(8) 

(7) 

(9) 

(I) 

(I) 

Nesosoic 

5 

2 

X 

0,3 

0,X5 


(k) 

(M 

(2) 

(I) 

(I) 

Paleozoic 

1 

(3) 

X 

(6) 

0,8 

(7) 


m 


Hotet 1. All fractions have been rounded off to the nearest integer. 
2. Numbers in parentheses give the ntaiber of samples analysed* 


The data of Table X shoe that the naphthene-psEamn ratio decreases with 
increasing depth for all geologic ages. Consequently, the influence of depth 
(and 'Uierefore, of temperature) on the hydrocarbon cosqpMition of petrolema 
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li of thtt MUM kind ae that of geologic time* The influence of tenqperature 
on petroleuDi coiqKMiitioa can eonplement the effecta of tioe* Therefore* 
coneiderably Betanoxvhoaed crudes oceiar in other ages than the paleosoie 
(see Figure l)« The age of the paleosoie* of course* is itself a sufficient 
condition for considerable nstaiaorphianu 

It is not clear* however* during what stage in the foroatioa of petroleua 
that thesDocatalytic netanwrphian is laqportant* i.e* during the occurrence of 
petroleum hydrocarbons as dlspezeed organic natter in the source beds or 
after the hydrocarbons have accumulated as oil pools. The aetanorphism of 
dispersed organic natter cannot be dovbted* but there is some evidence that 
indicates that considerable netanorphism also occurs vithin the pool. 

In addition to themooatalytic netsnorphiaa* petroleua can also be 
oxidiBed and sulfurlsed und er certain conditions. Many crudes vith a high 
sulfur content are included in the group whose ccB^ositions were used in pre* 
paring figures 1 and 2, This fact* however* evidently does not interfere 
vith the conclusions previously discussed. Many crude oils from the Uzal*Volga 
region* for easiqtle* contain more than $0 percent pasraffins and more than cm 
percent sulfur. Consequently* petroleum can be highly metamorphosed and also 
contain a hl|^ sulfur content. At the ssaw tine* it is known that the sulfur* 
ing of petroleum is also associated vith ootidation processes.^ Zt therefore 
follows that oxidation and processes such as sulfurisation do not influence 
the natural evolution of petroleun significantly. However* such j^roeesses do 
have a stresag influence cm the content of the asphaltic components and sulfur 
and on the specific gravity and other properties of petroleum. 

It mast be noted that the arelatSnns described above arc based on analyses 
of the crude oils from pools of conmexeial laqportaace. But there are also 
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may anall accumulations of highly asphaltic oils that are usually not 
mploited as well as many deposits of asphalts and similar substances^ and 
unfortunately, the chemical studies of these materials is very inadequate. 
When the conq^ition of these substances has been fully ascertained, another 
part of the geochemleal evolution of petroleum concerned vith strong oxidiB* 
ing conditions vill be better understood. 
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Figure I. 

She hydroeerboa compoeltloa of crude oUe* 

1 • eexiosoie; 2 • neeocoic; 3 • paleocolc* 

Figure 2. 

The dependence of the conpoeltlon of crude olle end neptxthe from age* 

1 • xetio "naphthenes : paraffine" in crude oils; 2 • ratio "naphthenes t 
paraffins” in naphtha; 3 • ratio "nai^thenes : paraffins" in light ends* 
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